Mechanism of osmotic diuresis  by Mathisen, Øystein et al.
Kidney International, Vol. 19 (1981), pp. 431-437
Mechanism of osmotic diuresis
OYSTEIN MATHISEN, MORTEN RAEDER, and FREDRIK KIlL
University of Oslo, Inst itute for Experimental Medical Research, Ullevaai Hospital, Oslo, Norway
Mechanism of osmotic diuresis. Mannitol might inhibit para-
cellular reabsorption of water and sodium chloride in the proxi-
mal tubules by reducing the osmotic driving force. We examined
this hypothesis in anesthetized dogs. Bicarbonate reabsorption
was kept constant by sodium bicarbonate infusion, and trans-
cellular sodium chloride reabsorption was inhibited by ethacryn-
ic acid. The glomerular filtration rate (GFR) was varied by alter-
ing renal perfusion pressure. Mannitol infusion reduced sodium
chloride reabsorption from 62 5% to 33 5% of the filtered
load. The calculated increase in reabsorbate osmolality, averag-
ing 82 6 mOsmlkg H20, was due to sodium bicarbonate and
equalled the increase in plasma osmolality. Mannitol concentra-
tion averaged 81 7 ms in plasma and 101 12 m in urine. A
linear relationship between reabsorption and GFR (glomerulo-
tubular balance) was mantained over the same range of GFR be-
fore and after mannitol infusion. Mannitol infusion reduced so-
dium chloride reabsorption from 2.6 to 1.4 moles for each mole
of sodium bicarbonate reabsorbed. During mannitol infusion,
acetazolamide inhibited sodium bicarbonate reabsorption as in
control experiments, but reduced sodium chloride reabsorption
less. We conclude that reduced water reabsorption increases
sodium bicarbonate concentration in the paracellular fluid as
much as mannitol concentration is raised in the plasma and
glomerular filtrate. Along the proximal tubules, net osmotic force
is progressively reduced as mannitol concentration rises, ac-
counting for reduced water and sodium chloride reabsorption.
Mécanisme de Ia diurèse osmotique. Le mannitol peut inhiber Ia
reabsorption paracellulaire d'eau et de NaCl dans les tubes prox-
imaux par Ia reduction de la force osmotique. Pour étudier cette
hypothèse Ia reabsorption de bicarbonate a été maintenue con-
stante par Ia perfusion de bicarbonate de sodium et la réabsorp-
tion transcellulaire de chlorure de sodium a été inhibée par
l'acide ethacrynique chez le chien anesthésié. Des variations du
debit de filtration glomérulaire (GFR) ont été obtenues par des
modifications de Ia pression de perfusion rénale. La perfusion de
mannitol a rdduit Ia reabsorption de chlorure de sodium de 62
5% a 33 5% de Ia charge filtrée. L'augmentation calculée de
l'osmolalité de réabsorbat, en moyenne de 82 6 mOsmlkg H20,
est due a bicarbonate de sodium et égale l'augmentation de
l'osmolalité plasmatique. La concentration de mannitol était en
moyenne de 81 7 rni dans le plasma et de 101 12 msi dans
l'urine. Une relation linéaire entre Ia reabsorption et GFR
(equilibre glomérulo-tubulaire) était maintenue dans le méme
eventail de valeurs de GFR avant et après perfusion de mannitol.
La perfusion de mannitol diminue Ia reabsorption de chlorure de
sodium de 2.6 a 1,4 moles pour chaque mole de bicarbonate de
sodium réabsorbee. Pendant l'infusion de mannitol, l'acétazola-
mide a inhibé Ia reabsorption de bicarbonate, autant que dans
les contrôles, tandis que la reabsorption de chlorure de sodium
a été moms réduite. Nous concluons que la diminution de
reabsorption d'eau augmente Ia concentration de bicarbonate de
sodium dans le liquide paracellulaire dans Ia mesure la con-
centration de mannitol est augmentCe dans Ic plasma et le filtrat
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glomérulaire. Le long des tubes proximaux Ia force osmotique
nette est progressivement réduite au fur et a mesure que Ia con-
centration de mannitol augmente, ce qui rend compte de la dimi-
nution de reabsorption d'eau et de chlorure de sodium.
During the infusion of mannitol and other osmotic
diuretics, the osmolality of plasma and the proximal
tubular fluid increases equally [1, 21, but the sodium
concentration in the proximal tubular fluid de-
creases. Sodium reabsorption occurs against an in-
creased transepithelial electrochemical gradient,
which might retard active sodium reabsorption [3].
Although this mechanism for osmotic diuresis and
natriuresis has beeii widely accepted [4], some stud-
ies of renal energy metabolism are not compatible
with this hypothesis: mannitol diuresis does not al-
ter renal oxygen consumption either before [5] or
after ethacrynic acid administration [6], and cortical
and outer medullary heat production remains un-
changed during mannitol diuresis [7]. These data
suggest that mannitol inhibits a nonenergy-requiring
transport of sodium.
After inhibition of transcellular sodium chloride
reabsorption in the distal nephron by ethacrynic
acid, variations in bicarbonate reabsorption are as-
sociated with variations in sodium chloride reab-
sorption [8]. For each mole of sodium bicarbonate,
about 2 moles of sodium chloride are reabsorbed.
We have proposed that sodium bicarbonate reab-
sorbed through the proximal tubular cells provides
the main osmotic force for reabsorption of water
and sodium chloride along the paracellular route
(bicarbonate-dependent reabsorption). This cou-
pling between transcellular sodium bicarbonate and
paracellular sodium chloride reabsorption accounts
for the linear relationship between sodium reab-
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sorption and glomerular filtration rate (GFR)
(glomerulotubular balance) [8]. Recent examina-
tions of renal energy metabolism have supported
the concept of a passive bicarbonate-dependent
reabsorption of sodium chloride across the proxi-
mal tubular epithelium [9].
Poorly reabsorbable solutes such as mannitol
would impair reabsorption of water and sodium
chloride in the proximal tubules even under condi-
tions of constant transcellular reabsorption of so-
dium bicarbonate. Glomerulotubular balance would
be maintained, but for each mole of sodium bicarbo-
nate reabsorbed transcellularly, less water and less
than 2 moles of sodium chloride would be reab-
sorbed.
This hypothesis was examined in experiments on
anesthetized dogs alter expansion of the extra-
cellular volume and after inhibition of transcellular
sodium chloride reabsorption by continuous in-
fusion of ethacrynic acid in a dose that does not af-
fect bicarbonate reabsorption [8]. Under these con-
ditions, GFR can be altered by varying renal per-
fusion pressure. First, the composition of the
reabsorbate during ethacrynic acid infusion was
compared at control GFR before and after mannitol
administration. Second, glomerulotubular balance
curves were obtained. Finally, the effect of aceta-
zolamide, an inhibitor of carbonic anhydrase, was
examined during mannitol diuresis. It was expected
that acetazolamide would inhibit transcellular so-
dium bicarbonate reabsorption to the same extent
as in previous experiments without mannitol in-
fusion [8]. But, if mannitol inhibits paracellular
reabsorption, the inhibitory effect of acetazolamide
on water and sodium chloride reabsorption would
be reduced during mannitol diuresis.
Methods
Experiments were performed on six dogs (both
sexes), each weighing between 14 and 21 kg. The
dogs were anesthetized with pentobarbital (25 mgI
kg of body wt as an initial dose). Free airways were
secured by endotracheal intubation. The femoral ar-
tery was cannulated by a polyethylene catheter for
arterial blood sampling and recording of arterial
blood pressure with a Statham transducer (P23Gb).
A femoral vein was cannulated for infusions. The
left kidney was exposed by a flank incision. Alter
retroperitoneal dissection, the ureter was can-
nulated by a soft polyethylene catheter for urine
collection; visible nerves in the renal pedicle and
suprarenal fat pad were divided. A Blalock clamp
was placed on the aorta just above the origin of the
renal artery to reduce renal arterial perfusion pres-
sure and GFR. Carotid constriction was performed
to increase renal perfusion pressure and GFR. Re-
nal blood flow (RBF) was measured by a square-
wave flowmeter (Nycotron, Drammen), the probe
fitting snugly on the renal artery. A snare around
the artery allowed periodic checks on zero blood
flow throughout the experiments.
Experimental procedure. Ethacrynic acid was ad-
ministered in a priming dose of 3 mg/kg of body wt,
followed by a continuous i.v. infusion at a rate of
1.5 mg/kg of body wt per hour. For measurements
of GFR, creatinine (40 mg/kg of body wt) was ad-
ministered i.v. followed by a continuous infusion
(0.6 mg/kg body of wt per minute). Creatinine was
dissolved in saline (0.9% sodium chloride) and ad-
ministered at a rate of 2 mllmin. In addition, saline
was infused in excess of urine losses until an expan-
sion of 2000 ml was obtained. One liter of 15% man-
nitol, dissolved in saline, was infused at a rate of 10
to 20 mI/mm, followed by a continuous infusion at 2
mi/mm. A 1.4% sodium bicarbonate solution was
infused to maintain or increase the plasma bicarbo-
nate concentration slightly.
Glomerulotubular balance was examined by
varying renal perfusion pressure before and alter
mannitol infusion and alter infusion of acetazola-
mide (Diamox®, Lederle Laboratories, American
Cyanamide Company) in a dose of 30 mg/kg of body
wt. Clearance periods varied between 3 and 8 mm,
depending on the rate of urine flow.
Creatinine determinations were performed ac-
cording to Bonsnes and Taussky [10], and plasma
and urinary sodium and potassium concentrations
were analyzed with a flame photometer (Instrumen-
tation Laboratory 343, Lexington, Massachusetts).
Arterial blood and urine samples were measured
immediately for pH and Pco2 in anaerobically col-
lected specimens by a 313 pH/blood gas analyzer
(Instrumentation Laboratory, Inc., Lexington,
Massachusetts). The arterial concentration of bi-
carbonate was estimated by the Henderson-Has-
selbalch formula. Urinary bicarbonate concentra-
tion was measured by the titrimetric method of Cul-
len [11] as modified by Segal [12]. Plasma and
urinary chloride concentrations were measured by a
CMT 10 chloride titrator (Radiometer, Copenha-
gen, Denmark). Mannitol concentration in plasma
and urine were measured by the method of Smith,
Finkelstein, and Smith [13]; plasma mannitol con-
centration was corrected for glucose [14].
Statistical methods. As the dogs served as their
own controls, Wilcoxon's signed rank test was used
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to evaluate differences between pairs of observa-
tions [15]. The slope of the regression line was cal-
culated in each individual experiment [16], and the
confidence limits were tested by the covariance
analysis [15]. Averages are presented as arithmetic
means 1 SEM.
Results
Effect of mannitol on tubular electrolyte reab-
sorption at control GFR after inhibiting trans-
cellular sodium chloride reabsorption by ethacrynic
acid. In the control periods preceding mannitol in-
fusion during continuous infusion of ethacrynic acid
and saline, sodium reabsorption averaged 70 5%,
chloride reabsorption 62 5%, and water reabsorp-
tion 67 5% of the filtered load. Plasma and urine
osmolalities averaged 302 4 and 281 5 mOsm!kg
H20, respectively, before mannitol infusion, and
plasma concentrations averaged 150 2 ifiM for so-
dium, 109 3 mryi for chloride, and 28.5 1.5 mM
for bicarbonate. During mannitol infusion, the con-
centration of mannitol averaged 81 7 mvt in
plasma and 101 12 ifiM in urine. Plasma and urine
osmolalities were raised to 382 11 and 372 10
mOsmlkg H20, respectively. Plasma electrolyte
concentrations were only slightly changed during
mannitol infusion and averaged 148 2 m for
sodium, 105 4 mrvi for chloride, and 30.8 2.3
m for bicarbonate.
Mannitol infusion increased RBF by 36 6% and
reduced GFR from 35 4 to 28 5 mI/mm. Hema-
tocrit was reduced from 32 4 to 17 1. Because
renal autoregulation was impaired, GFR could be
restored by increasing renal perfusion pressure.
The results obtained at control GFR are summa-
rized in Table 1. Bicarbonate reabsorption was not
significantly changed, whereas mannitol infusion re-
duced sodium, chloride, and water reabsorption by
28 4%, 33 5%, and 36 4% of the filtered
loads, respectively. Thus, chloride and water reab-
sorption was approximately halved by mannitol in-
fusion after inhibiting transcellular sodium chloride
reabsorption with ethacrynic acid.
It can be calculated from Table 1 that the reabsor-
bate concentrations for sodium, chloride, and bi-
carbonate in control experiments during ethacrynic
acid infusion and before mannitol infusion averaged
149, 106, and 38 mM, respectively; during mannitol
infusion, the reabsorbate concentrations for so-
dium, chloride, and bicarbonate averaged 193, 106,
and 81 mM. Reabsorbate concentrations of both so-
dium and bicarbonate increased accordingly by an
average of 43 m corresponding to an increase in
osmolality of the reabsorbate of 82 6 mOsmlkg
H20, which is not significantly different from the in-
crease in plasma osmolality of 80 7 mOsmlkg H20
caused by mannitol infusion. Thus, the increase in
reabsorbate osmolality could be attributed to the in-
crease in sodium bicarbonate concentration.
Effect of mannitol on glomerulotubular balance.
Figure 1 shows the relationships between sodium,
chloride, and bicarbonate reabsorption and GFR,
obtained by varying renal perfusion pressure during
continuous infusion of ethacrynic acid. To compare
Table 1. Effect of mannitol and acetazolamide on renal hemodynamics and electrolyte reabsorption during continuous i.v. infusion of
ethacrynic acid (ECA) after restoring GFRa
Sodium Chloride Bicarbonate
BP RBF V GFR jjno1es/min iino1es/rnin- .uno1es/min
.Potassium
excretion
mm Hg mi/mm mi/mm mi/mm Reab Excr Reab Excr Reab Excr .unoIes/,nin
ECA+O.9%NaC1 108 255 11.5 35 3509 1512 2496 1513 904 143 117
Mannitoll5% 124 347 24.0 35 2120 2469 1169 2396 890 313 149
(ECA — mannitol) 16 92 12.5 0 1389 957 1327 883 14 170 32
P(ECA — mannitol) <0.05 <0.05 <0.05 NS <0.05 <0.05 <0.05 <0.05 NS <0.05 <0.05
Acetazolamide 139 335 30.0 34 1320 3421 729 3202 455 684 170
12 1 800 952 440 806 435 371 21
acetazolamide) ±4 ±39 ±2.6 ±1 ±53 ±144 ±32 ±98 ±35 ±31 ±11
P (Mannitol —
acetazolamide) <0.05 NS <0.05 NS <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
a Values are the mean ± SEM of experiments in 6 dogs. After a priming dose, ECA was infused at a rate of 1.5 mg/kg of body wt per
hour. Acetazolamide was infused i.v. in a dose of 30 mg/kg of body wt. Mannitol (15%) was dissolved in 0.9% sodium chloride and
infused at a rate of 10 to 20 mI/mm for 30 mm and then continuously at a rate of 2 mI/mm. Sodium bicarbonate (1.4%) was infused to
maintain bicarbonate reabsorption. Abbreviations are: BP, blood pressure; RBF, renal blood flow; V, diuresis; GFR, glomerular filtra-
tion rate; Reab, reabsorption; Excr, excretion.
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data from different dogs, we set the control GFR,
obtained during ethacrynic acid infusion before aor-
tic or carotid constriction, to 100 mllmin in each ex-
periment, and we adjusted the reabsorption rates
accordingly so that fractional reabsorptions re-
mained unchanged [17]. By changing GFR between
150 and 25 mllmin, we were able to maintain the
urine sodium concentration virtually constant, with
a coefficient of variation of less than 2%. Linear
relationships (glomerulotubular balance) were ob-
tained both in control experiments and during man-
nitol infusion over a range of GFR between 25 and
100 mllmin. At higher GFR, reabsorption rates for
sodium, chloride, and bicarbonate did not increase
significantly. In control experiments before manni-
tol infusion, a change of 1 mllmin was associated
with changes in sodium, chloride, and bicarbonate
reabsorption of 97 2, 68 2, and 26 2 pmoles/
mm, respectively. After mannitol infusion, a change
in GFR of 1 mllmin was associated with significant-
ly smaller changes in sodium and chloride reabsorp-
tion, averaging 58 2 and 34 2 /Lmoles/min, re-
spectively. The change in bicarbonate reabsorption
induced by altering GFR 1 mllmin averaged 25 3
tmoles/min and was not significantly different from
the value obtained before mannitol infusion.
Hence, during variations in GFR before mannitol
infusion, sodium chloride reabsorption was altered
by an average of 2.6 moles when sodium bicarbo-
nate reabsorption was altered by 1 mole; after man-
nitol infusion, sodium chloride reabsorption was al-
most halved, and an average of 1.4 moles of sodium
chloride was associated with the reabsorption of 1
mole of sodium bicarbonate.
Effect of acetazolamide on glomerulotubular bal-
ance during mannitol infusion. After the i.v. in-
fusion of acetazolamide in a dose of 30 mg/kg of
body wt, bicarbonate reabsorption was reduced to
about 50% of control (Table 1). This reduction is not
significantly different from that obtained when
acetazolamide was administered at the same dose in
experiments performed without mannitol infusion
[8]. Moreover, as in the previous control experi-
ments without mannitol infusion, glomerulotubular
balance for bicarbonate was disrupted at a GFR of
about 50 mllmin (Fig. 1C); that is, bicarbonate reab-
sorption did not rise significantly as GFR was raised
above 50% of control value. This was also true for
sodium and chloride reabsorption (Figs. 1, A and
B). During mannitol infusion, acetazolamide re-
duced sodium, chloride, and bicarbonate reabsorp-
tion in proportions 1.8 0.1: 1.0 0.1 : 1.0, which
is significantly less than the proportions 3:2:1 found
in experiments without mannitol infusion [8].
Plasma bicarbonate concentration averaging 32 2
m was not significantly altered.
Discussion
This study was designed to examine the hypothe-
sis that mannitol inhibits paracellular transport of
water and sodium chloride in the proximal tubules.
Sodium bicarbonate was infused i.v. to keep the so-
dium bicarbonate reabsorption constant. Under this
experimental condition, mannitol infusion at rates
that increased plasma osmolality by about 80
mOsm/kg H20, approximately halved the water and
sodium choride reabsorption remaining during eth-
acrynic acid infusion.
Distal sodium reabsorption was not completely
inhibited by ethacrynic acid, because plasma and
urine osmolalities were slightly different. The distal
tubule, however, is flooded with fluid of high so-
dium concentration. Urinary sodium concentration
remained virtually constant during the reduction in
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Fig. 1. Glomerulotubular balance: Plots of A sodium, B chloride, and C bicarbonate reabsorption against GFR. Data is from experi-
ments in 6 dogs during continuous infusion of ethacrynic acid before and during mannitol infusion and after acetazolamide administra-
tion. To compare dogs with different control GFR (obtained during ethacrynic acid infusion before mannitol infusion and before changes
in blood pressure), we set the control GFR to 100 mI/mm in each dog and we adjusted the reabsorption rates accordingly so that fractional
reabsorption remained unchanged [171.
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GFR, indicating that the reabsorptive capacity of
the distal tubules was exceeded during ethacrynic
acid infusion [18, 19]. The changes in reabsorption
induced by subsequent mannitol infusion can there-
fore be attributed to changes in proximal tubular
reabsorption.
In agreement with previous studies 11, 2], the os-
molality of the plasma and reabsorbate increased
equally during mannitol infusion, and the increase
in reabsorbate concentration was due to sodium
salts [2]. Our study extends these observations by
showing that the increase in reabsorbate osmolality
is completely accounted for by the rise in sodium
bicarbonate concentration. The increase in sodium
bicarbonate concentration is the consequence of a
maintained sodium bicarbonate reabsorption and a
diminished water reabsorption.
With equal mannitol concentrations in the plasma
and filtrate, the net osmotic force across the tubular
epithelium is not altered in the early part of the tu-
bule. But, because of reabsorption of water, the
concentration of mannitol would rise along the tu-
bules and counteract osmotic reabsorption. This in-
hibition is partly compensated by the increase in so-
dium bicarbonate concentration in the paracellular
fluid because of maintained transcellular sodium bi-
carbonate reabsorption at reduced water reabsorp-
tion. Because of this compensatory mechanism, the
net osmotic force may only be slightly reduced in
the part of the proximal tubules accessible to micro-
puncture [20].
The main osmotic force during mannitol diuresis
[21] is
ir RT (cr NaHCO3 zNaHCO3 + Cr NaC1 . zNaCl
+ (TM- M)
where a- is the reflection coefficient, zNaHCO3 and
NaCl are the differences between paracellular and
tubular concentrations across the osmotic mem-
brane, and zM is the difference between plasma and
tubular concentrations of mannitol. The driving
force is the first term and is counteracted by the two
latter terms, which are negative because the outside
concentrations are lower than the tubular concen-
trations. With zNaHCO3 as the driving force, it is
not necessary to assume that the paracellular fluid is
hypertonic to plasma either before or during manni-
tol infusion. The requirement for isotonicity [21] is:
zNaHCO3 + zNaCl + zM = 0.
According to this interpretation, it is the rise in
tubular mannitol concentration above plasma man-
nitol concentration that cannot be compensated for
by a further increase in sodium bicarbonate concen-
tration in the paracellular fluid and that accounts for
the diuretic effect. The reason why sodium bicarbo-
nate concentration in the paracellular fluid cannot
increase unlimited, probably is that the reabsorp-
tion is isotonic so that the osmolality of the para-
cellular fluid and the reabsorbate cannot exceed the
osmolality of the plasma. In our study, mannitol
concentration rose on average from 80 to 100 mr'i
along the tubules. Because ethacrynic acid was ad-
ministered, most, if not all, of this increase in con-
centration probably took place along the proximal
tubules. Thus, a rise in mannitol concentration of
about 20 m along the proximal tubules reduced
water and sodium chloride reabsorption by about
50%. As the total osmotic force has been calculated
to be about 20 mOsm/kg H2O [8, 22], tubular reab-
sorption is probably stopped in the lower part of the
proximal tubules. The length of the proximal tu-
bules with zero reabsorption would vary with the
filtered load of mannitol.
An alternative interpretation of osmotic diuresis
is linked to the hypothesis that sodium chloride is
transported through the cells of the proximal tu-
bules into the lateral space in a hypertonic solution
[23]. According to this hypothesis, a positive dif-
ference in sodium chloride concentration across the
osmotic membrane is the driving force for fluid
reabsorption. The transport of sodium chloride by
solvent drag would probably equal the back dif-
fusion of sodium chloride so that the osmotic reab-
sorbate would be water. This hypothesis requires
the additional assumption that mannitol inhibits
transcellular transport of sodium chloride [3].
The results of the present study provide two lines
of evidence in favor of a paracellular rather than a
transcellular reabsorption of sodium chloride. The
transcellular reabsorption model does not account
for glomerulotubular balance, whereas this is read-
ily explained by assuming paracellular transport of
water and sodium chloride [8, 17]. As expected for
transcellular transport of sodium bicarbonate and
paracellular transport of sodium chloride, the ratio
between changes in bicarbonate reabsorption and
GFR was unaltered, whereas the ratio between
changes in chloride reabsorption and GFR was ap-
proximately halved during mannitol diuresis. Thus,
mannitol inhibited sodium chloride reabsorption by
about 50% not only at control GFR but at all levels
of GFR.
The second line of evidence in favor of para-
cellular sodium chloride reabsorption was obtained
by administering acetazolamide. Glomerulotubular
balance for bicarbonate does not apply at GFR ex-
ceeding 50% of control after administration of
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acetazolamide. This was observed both in the pres-
ent study and in experiments performed without ad-
ministration of osmotic diuretics [8]. Thus, the in-
hibitory effect of acetazolamide on transcellular so-
dium bicarbonate reabsorption was not altered by
mannitol infusion, which exclusively altered the ef-
fect of acetazolamide on sodium chloride reabsorp-
tion.
In our study, sodium bicarbonate reabsorption
was kept constant and distal transcellular sodium
chloride reabsorption inhibited by ethacrynic acid
to permit an examination of osmotic diuresis rather
than the overall effects of mannitol. Tubular sodium
chloride reabsorption was reduced by about 40% by
ethacrynic acid and by about 30% by mannitol.
Thus, approximatley 70% of the filtered sodium
chloride was excreted. Almost as large an effect
may be obtained by administering mannitol alone.
This suggests an effect of mannitol on the diluting
segment [7], as also proposed by Seely and Dirks
[20] on the basis of micropuncture studies. The
mechanism seems to be that mannitol, in contrast to
saline infusion, fails to stimulate active distal so-
dium reabsorption. During saline infusion, sodium
chloride concentration along the diluting segment
would rise, and, through an increase in intracellular
concentration, would stimulate Na-K-ATPase in
the peritubular cell membrane to increased energy-
requiring reabsorption [19]. In contrast, during
mannitol infusion, there is little or no rise in distal
reabsorption and heat production [7], presumably
because tubular sodium chloride concentration is
low. This lack of compensatory rise in distal sodium
chloride reabsorption accounts for more than half of
the natriuretic effect of mannitol under conditions
of constant bicarbonate reabsorption.
The results of this study make it unlikely that
changes in Starling forces in the order of 1 mOsm/kg
H20, across the basement membrane and the pen-
tubular capillary membrane, alter the osmotic force
greatly [21]. Large expansion of extracellular vol-
ume during mannitol infusion, as indicated by the
reduction in hematocrit, might distend the para-
cellular space [24] and increase the permeability of
the tight junction. With sodium bicarbonate as the
osmotic driving force, however, the effect of in-
creased permeability would favor rather than re-
duce paracellular reabsorption of water and sodium
chloride. In addition to its osmotic effect, mannitol
increases water and sodium chloride excretion by at
least two other mechanisms: by reducing plasma bi-
carbonate concentration [18] and, in the unblocked
kidney, by reducing the sodium chloride concentra-
tion of the tubular fluid delivered to the distal neph-
ron.
We conclude that mannitol reduces proximal
reabsorption by inhibiting paracellular reabsorption
of water and sodium chloride. This interpretation of
the mechanism of osmotic diuresis is in agreement
with previous observations that mannitol infusion
does not influence renal energy metabolism [5-7]
and is a natural extension of the hypothesis of bi-
carbonate-dependent sodium chloride reabsorption
[8, 9]. Studies with other techniques are needed,
however, before the validity of the hypothesis is es-
tablished.
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